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Suvarnabhumi AirportMany countries have developed policies and measures to deal with the external impact of aviation on the wider
community. There is, however, often controversy and lack of acceptance of some measures, such as compensa-
tion, in the communities affected by aviation. Such measures are often felt to be ineffective and perceived as un-
fair. A clear and objective model for determining compensation would be helpful to reduce controversy. The
objective of this study is therefore to examine the relationship between aviation impacts and property values
in the case of Thailand's Suvarnabhumi Airport for application to the possible improvement of compensation
packages. Multiple regression analysis was used to determine the relationship between ﬁve common impacts
of aviation (safety, noise, scenery, air pollution, and trafﬁc) and property value change, with data from a survey
of sample communities around the airport. The results, both for the overall neighborhood and for separate land
used types, show that only noise and air pollution demonstrate signiﬁcant negative relationswith property value.
The effect of noise drives a higher impact on property price than the effect of air pollution. Themain contribution
of this research is to improvedeveloping country compensationmodels by appliedmeasurement from regression
analysis to identify factors with signiﬁcant impacts, using property value change as proxy tomeasure the impact
of the airport. For example, in the case of Thailand, a compensationmodel should consider noise and air pollution
as themain factors rather than consider only noise contour area. The higher weight on noise should be designed
to reﬂect land use types. Furthermore the market value of property loss should be taken into account when de-
signing a compensation package. The survey and regressionmethod used in this study can be adapted for ﬁnding
relevant factors and suggesting appropriate compensation for other environmental and infrastructure develop-
ment projects.66 2 524638
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With globalization, demand for air travel is expected to grow signif-
icantly, in turn driving an increase in ﬂights and airport developments
to provide sufﬁcient capacity to handle this demand. This anticipated0.
oo.com,
ait.ac.th
d Safety Sciences.
nces. Production and hosgrowth in aviation infrastructure has increased concern about
aviation-related environmental impacts. Although, economic develop-
ment can be driven by aviation, the environmental impacts are also a
critical concern. The U.S. has placed addressing environmental and
energy issues at the heart of the Next Generation Air Transportation
System (Next Gen) planwith 5 strategies including cost-beneﬁcial solu-
tions to meet environmental targets from aviation in a veriﬁable man-
ner [12]. In parallel to the problems, appropriate compensation for
these negative externalities has become a common discussion topic
and is a reason for this study. In the U.S., it has been estimated that avi-
ation noise negatively affects 2.3 million people while noise nuisance at
the UK's Heathrow Airport costs 37–66 million pounds per year in un-
compensated loss of humanwellbeing. In Thailand, the Airports Author-
ity of Thailand set the budget for noise effect compensation at just over
11.2 billion baht (~USD 366million2). The initial compensation package2 1 USD ~ 30.7 THB.
ting by Elsevier Ltd. All rights reserved.
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of February 2011, the actual accumulated compensation for
Suvarnabhumi Airport had reached 1.25 billion baht for the NEF3 N 40
and NEF 30–40 zones [1], 11.13% of the total budget for noise compen-
sation. Notwithstanding these payments, there have been disputes and
public debates about appropriate compensation packages which would
properly compensate for the negative environmental effects on proper-
ty value changes in the vicinity of the airport.
Although there are various studies discussing the impact of aviation
on property values [7,15,19], most of them mainly focus on aviation
noise impact on real estate values [3,10,13,18], while potentially ignor-
ing other crucial impacts or factors. There are both negative and positive
impacts found by the various studies of residential property and airport
noise. A sample of empirical studies on the negative impacts on residen-
tial property values due to airport noise can be found in [23]. The study
found a decrease in property values linked to the dBA increase in noise
level. Aviation noise impact is also a critical form of pollution studied in
environmental justice theory. An empirical study used tobit and logit
multivariate regression to analyze pollution exposure from a major
commercial-service airport and found that ethnicity is the primary
cause of the disproportionate burden of aviation noise pollution. [20].
On the other hand, there are also some studies which indicate that the
impact of airports on the residential property market can be positive.
For example, proximity to London City Airport is highlighted as a posi-
tive factor in promotional material for new housing developments in
the surrounding area. One beneﬁt suggested for living in close proximity
to an airport is enhanced access for thosewhouse the airport frequently
[22].
Despite a variety of studies on the relationships between aviation
factors and property values, there are limited studies on how to incor-
porate these relationships into implementation of environmental poli-
cies, the design of appropriate compensation packages or models, and
the determination of inﬂuencing factors. In the case of Suvarnabhumi
Airport, evidence from international standards for airport management
and practice has shown that environmental policies, especially those
using economic instruments such as compensation schemes, are both
ineffective and poorly implemented, causing many problems for the
government, businesses, and the community. Appropriate compensa-
tion schemes need to be adjusted in order to ﬁt with the local context
and should capture all relevant factors. A study of SuvarnabhumiAirport
found that new properties in the area affected by severe noise before
2006 tend to decline substantially in value. Prices of new properties
sold after airport operations began in 2006 were 19.15% lower in the
most severely affected area and 8.55% lower in the outer noise contour
zone [5]. In addition, a broad study of noise impact on renters of apart-
ments and dormitories in affected areas around Suvarnabhumi Airport
shows that willingness to accept compensation in Thailand when the
noise level increases is lower than in European studies [5]. Similar re-
search of trafﬁc noise impact on high-rise buildings and areas surround-
ing a new motorway that links Bangkok to Suvarnabhumi Airport and
Pattaya indicated that there is a high trafﬁc noise impact on the fore-
ground and front façade of buildings, implying that these areas are inap-
propriate for residential purposes [17].
The purpose of this study is to investigate the property value impact
of aviation, the relationship between various aviation impact factors,
and the overall impact in order to develop a concept for a suitable com-
pensation scheme based on the case study of Suvarnabhumi Airport,3 NEF is a noise descriptor to contribute in the calculation of airport noise levels and
contoursmap for determining the airport noisemitigationmeasures andmonitoring plan.
NEF 30–35meansNoise Exposure Forecast at Leq 60–65 dB this is the Airport noise affect-
ed areas and noise insulation shall be applied, NEF 35–40 means Noise Exposure Forecast
Leq 65–75 dB this is more severe airport affected areas and noise insulation or other mit-
igations shall be applied, andNEFN 40meansNoise Exposure Forecast at Leq N 70dB this is
most severe airport noise affected areas, none of any residential areas or sensitive recep-
tors are allow to be inside of this areas, the compensation or land purchase shall be
applied.Thailand. This particular case is interesting because it allows a compar-
ison between before and after situations for a brand new airport in a
part of Bangkok previously unaffected by an airport. In most situations
the airport has been in place for many decades, so the “before” case is
very difﬁcult to measure.
The data used for the impact examination was mainly derived from
primary data e.g., questionnaire surveys and key informant interviews
in communities near the airport. In addition, we considered evidence
about the effect of aviation obtained fromofﬁcial databases and second-
ary research. Moreover, comparison and analysis of aviation policies
among major international airports in several countries were carried
out to investigate their effectiveness and identify relevant input factors.
The discussion and recommendations in this paper can provide practical
guidance for improving the compensation scheme and aviation policies
for the study area and also for other cities.
2. Overview of the study area
2.1. The Suvarnabhumi International Airport, Thailand
Suvarnabhumi Airport is an international airport serving Bangkok,
Thailand covering an area of about 8000 acres (3300 ha). It is managed
by the Airport of Thailand Public Company Limited (AOT), which has an
agreement with the government granting it all businesses, rights, assets
and staff, and liabilities. The airport was designed to accommodate
45million passengers per year; however the AOT expects that its future
capacitywill be about 100million passengers per year. It is a centerpiece
of Thailand's transportation infrastructure and services with the invest-
ment amount of 188.8 billion baht (US$ 4.979 billion4), by which it was
built with the purpose of enhancing Thailand to become an aviation hub
for the region. The airport site is geographically located in Racha Thewa
in BangPhli district, Samut Prakan Province. It was ofﬁcially opened for
limited domestic ﬂight services on 15 September 2006, and formost do-
mestic and all international commercial ﬂights on 28 September of the
same year.
The growth of aviation activities has manifestly changed the pat-
terns of land use near airports, especially the development of real estate,
residential, commercial and industrial enterprises, and has been ob-
served to substantially affect property values in the vicinity of airports.
In terms of the corporate social responsibilities operations according
to AOT's CSR Report (2011), AOT has provided for the monitoring of
environmental quality through the use of an Environmental Impact
Assessment (EIA). AOT set up its emergency fund to compensate com-
munities which have potential noise impacts based on surveying the af-
fected areas by AOT staff; however, the choice of compensation is still
not effective in satisfying the impacted communities, and has caused
disputes. AOT's EIA shows that two years after the Airport opening,
compensation of only 402 million THB had been paid by AOT for pur-
chasing in the areas with NEF more than 40 (220 million THB) and im-
proving 10 buildings in areas with NEF 30–40 (182 billion THB) [18].
This compensation amount was allocated by AOT through following
the compensation process and criteria based on the EIA, which included
an operational plan for mitigating noise impact.
2.2. Possible aviation impacts and mitigations based on EIA
According to the Suvarnabhumi Environmental Impact Assessment
(EIA) study by TEAM [21], it investigated an area affected by noise
which encompassed 70 sq km around the airport, dividing it into a
high-impact noise zone (Noise Exposure Forecast, NEF is over 40 dB)
and a moderate-impact noise zone (NEF is between 30 and 40 dB).
Noise levels during both construction and operational phases were col-
lected. For the construction phase, construction equipment created the4 Exchange rate year 2006 from BOT 37.9286 Baht/USD.
(continued on next page)
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there were noise levels in various ranges, the highest average noise
level frommonitoring being 61.6 dBA. The EIA report also shows the ef-
fect of noise pollution by NEF and type of community.
The EIA report shows a total of 15,888 buildings in the affected area,
and a large budget was accordingly set to fund compensation packages.
However, many problems have arisen since, both before and during the
opening, with aviation noise and compensation being a major one of
those problems, especially in terms of the compensation amount and
the number of targeted households. In addition, the compensation
schemes of the Suvarnabhumi International Airport have focused only
on the mitigation of noise impact. These unanticipated events can be
viewed as the result of both ineffective policies and also inefﬁciencies
in implementing environmental policies.
3. Concept and methodological framework
3.1. Concept
The study aims to evaluate aviation impacts and test their relation-
ships to property value changes through the application of regression
analysis in order to ﬁnd an appropriate compensation model based on
the case of Suvarnabhumi International Airport. The primary focus of
the study was to address the question of which aviation impacts might
affect changes in property values. In addition, it focused on addressing
the question of which suggestions and recommendations could provide
appropriate compensation schemeswhich are responsive to the needs of
vicinity communities consisting of people residing andworking near the
airport. The study considers limited cases of how the airport might pro-
vide effective policy implementation given that evidence has shown its
environmental policies to be both inadequate and poorly implemented,
causingmany problems to the government, businesses, and nearby com-
munities. Even though the airport has international standards for airport
management and practices and beneﬁts from modern aircraft develop-
ments which reduce aviation pollutions, some environmental policies
(e.g. economic instruments such as compensation scheme) need to be
adjusted in order to ﬁt the local context.Many previous studies of factors
affecting property values have focused only on the relationship of noise
impacts on the changes in property prices or residential values, but
this study considers multiple factors and their relationships to different
types of landuse. The studyuses questionnaires to evaluate impact levels
for each factor that might affect property values. In keepingwith various
other studies, this research is expected toﬁnd anegative impact onprop-
erty value due to aircraft noise and is expected to have a practical contri-
bution to existing and further research on compensation models,
aviation impacts and factors affecting them, as well as appropriate envi-
ronmental management concepts through integrating environmental
theories, economic concepts, government policy formulation, and strate-
gic management concepts and practices.
3.2. Methodological framework
The scope of the study takes into account factors inﬂuencing aviation
impacts (whether the aircraft is taking off or landing, power setting and
speed, ﬂight path, weather conditions and surrounding terrain, etc.)
that were tracked at selected stations near the airport in two zones
(NEF 30–35 and NEF 35–40), as well as consideration of stakeholder
participation. In addition, secondary researchwas carried out, primarily
using ofﬁcial documents and databases. An investigation of policy effec-
tiveness in a number of countries was also carried out to generate addi-
tional discussion and recommendations. The study also takes into
account government and airport instrumentals such as strategic envi-
ronmental plans in line with the environmental policy of the Thai gov-
ernment and other countries that include signiﬁcant measures and
regulations, economic (compensation package, tax, etc.), voluntary pro-
grams and technology (e.g. insulation and aircraft technology).3.2.1. Data collection design
Data obtained by this study were derived from both secondary data
(ofﬁcial measurements and assessments, and public data on property)
and primary data based on data collection from interviews and surveys.
Collection methodology was divided into the following categories:
1. Public surveys (questionnaires): This study surveyed 300 samples
covering the entire segment of the population consisting of
those who live, work, or do business in the areas of 30–35 NEF
(120 samples) and 35–40 NEF (180 samples) by using random
sampling.
• The study's questionnaire was designed to identify the impacts
that affect the communities and businesses both before and
after Suvarnabhumi operational phase. The main goal of the
questionnaire is to identify “How does the aviation impact
around SuvarnabhumiAirport affect your household?” The ques-
tions start with bio-data, type of respondent and time staying in
the area. Then the questions focus on the level of impact of
Suvarnabhumi Airport, level of ranking from noise, air pollution,
trafﬁc, safety and visual, and magnitude of those impacts on
property value changes. In addition, questions related to aware-
ness of government measures and opinions on their effective-
ness, as well as suggestions, were included.
Due to the limitation of descriptive data of explanatory variables,
the study evaluated the level of impact by using the perception of
the sample population from questionnaire, divided into 5 levels:
Very high = 5, High = 4, Medium= 3, Low= 2, Very low= 1,
No impact = 0.
Questionnaires outline can be summarized as follow
Outline of survey form• Biodata
■ Covering both male & female
■ Covering all age range more than 20 years old
■ Covering both resident & business
■ Covering people who live more than one year to
capture the affect of Suvarnabhumi Airport to them
• Suvarnabhumi impact to respondent (ranking in order)
– Noise–traffic–safety–visual impact–air pollution–
property value–other impacts
• Level of impact to respondent for each factor (Likert scale
level from no impact to very high 0–5)
– Noise–traffic–safety–visual impact–air pollution–
property value–other impacts
• Noise impact to respondent (Likert scale level from no impact
to very high 0–5)
– Sleep–work concentration–health impacts–daily
activities–property value–shaking
• Government measures on noise pollution to respondent
awareness (Yes/No/Don't know)
– Rules & regulations–tax & fees–compensation–other
measures
• Level of efficiency of government measures (Low/Medium/
High)
– Rules & regulations–tax & fees–compensation–other
measures
• Others
1. Suvarnabhumi Airport has more positive than negative
impacts
(Agree/Not agree/No opinion)
2. Noise level will not increase in the next five years
(Agree/Not agree/No opinion)
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Expos
Leq N 73. Government policies are enough to deal with the impacts
and effects
(Agree/Not Agree/No Opinion)
4. Airport authority has enough policies to deal with the
impacts and effects
(Agree/Not agree/No opinion)
5. The magnitude of airport pollutions to property value
(Range from−25% to +25% with 5% increase in each
level)• For survey design, the study compared the neighborhoods from
selected 63 villages/locations near the airport (e.g., Pracha Ruam
Chai Community, Manasiri Village, Soi Ladkrabang 44, Soi
Ladkrabang 46, Soi Dee Dee, Weruwan Wattana Community,
Kehanakorn Village, and Happy Place Village). In addition, data
were collected on Suvarnabhumi property values, based on the
three noise level areas including NEF 30–35, NEF 35–40, and
NEF N 405.
There are some studies that also applied the survey of residential
real estate agents to evaluate the factors inﬂuencing house prices.
A recent survey of residential real estate agents in England indi-
cated that the airport ﬂight path adversely affected by house
values 15% [25].
2. Measurement and analysis of noise levels in the airport and neigh-
borhoods around the airport are carried out by 15 noise monitoring
stations at Suvarnabhumi.
• Area noise: The noise levels (L90, Leq24, Lmax, Ldn) aremonitored
continuously 24 h for 13 stations. The monitoring results are con-
ducted monthly and the monitoring report is submitted every
6 months.
• Noise generated from east and west runways: The noise levels
(Leq) (5 min), Sound Exposure Level (LAE) and Perceived Noise
Level (PNL) aremonitored continuously for 24 h a day during pro-
ject operation.
• Limitations: Noise levels at only 15 noise stations can be collected;
therefore this study uses perception levels of noise impact from
public surveys as an explanatory variable.
3. Measurement and analysis of air pollution levels around the airport
are carried out by 2 air monitoring stations nearby Suvarnabhumi
Airport: Keha ChumchomBangplee SumutprakanArea and ThaiMe-
teorological Department Area. Thailand Air Quality Index is calculat-
ed by 5 categories of Air Quality Standard: 1) Ozone (O3), 2) nitrogen
dioxide (NO2), 3) carbon monoxide (CO), 4) sulfur dioxide and
5) dust b 10 μm (PM10). However, there were some limitations of
the air pollution data as air pollution monitoring stations were not
exactly the same as the study area, leading to the use of public sur-
vey of air pollution impact levels as an explanatory variable.
4. Safety, visual, and trafﬁc impacts had no descriptive data to be col-
lected during the study period. Therefore the study used the impact
level of each factor from public survey as explanatory.
5. Property values changes
Property values were collected from the Land Department, the Trea-
sury Department, property developers, property advertisements,
and surveys of land plots.
Regarding property value assessment, the data values that belong to
the ofﬁcial database of the Treasury Department and the Land De-
partment are used as an ofﬁcial baseline for market businesses, tax
purposes and collateral assessments by local ﬁnancial institutions
as well as survey results.
These assessment values are revised every four years on aF 30–35 means Noise Exposure Forecast at Leq 60–65 dB, NEF 35–40 means Noise
ure Forecast Leq 65–75 dB and NEF N 40 means Noise Exposure Forecast at
0 dB.nationwide basis, with the newest values to be used from 2013 to
2016 (based on assessing survey of property prices during the year
2008–2010). Ofﬁcial assessment values for the period of 2004–
2007 and 2008–2012 (based on survey and analysis during 2–3 pre-
vious years for those periods) were not changed for the areas stud-
ied. Therefore, those values were used as “Before-Suvarnabhumi
Airport” values.
For “After-Suvarnabhumi Airport”, this study used ofﬁcial assess-
ment values from the Treasury Department and the Land Depart-
ment. These ofﬁcial values come from three sources: 1. Actual
buying/selling transaction prices from the Land Department, 2.
prices from surveys of land plots during the period 2007–2009,
and 3. prices from property advertisements. The median of prices
from these three sources is then calculated and used as representa-
tive “After” price for each area. The prices from surveys of land
plots which include housing, housing prices were deducted from
total prices to get only property prices. In some cases, furniture
prices were also excluded.
During the study period year 2010, only limited ofﬁcial assessment
values were available. The study collected property prices both
before and after Suvarnabhumi Airport from selected 63 villages/
locations near the airport cover area NEF N 40 dB, NEF 35–40 dB,
andNEF 30–35. However only 8 locations can be collected. The prop-
erty prices change with the range−58% to 1%. Therefore, this study
used survey values as dependent variable data for the regression
model instead of ofﬁcial assessment values. However, some impar-
tial measures show similar trends as the survey results. In addition,
the survey study covers 300 samples which are large enough to be
normal distribution based on the Central Limit Theorem.
6. In-depth interviews: Interviewswith stakeholderswere drawn from
political sectors, government sectors, municipal/local authorities,
ENGOs, NGOs, CBOs, civil society sectors (formal and informal sec-
tors), mass media authorities, migrants that were forced or chose
to move out from the airport vicinity, and beneﬁciaries.
7. Compensation package: Information was obtained from the Airports
Authority of Thailand, National Environmental Board's resolution,
The Cabinet's resolution and The Airports of Thailand Public Compa-
ny “AOT” Board's resolution. The compensation payments will be
made by The Airports of Thailand Public Company based on the actu-
al ﬂight situation according to the Cabinet's resolution and the AOT
Board's resolution. The compensation for noise impact canbe catego-
rized into two groups 1) NEF N 40 areas and 2) NEF 30–40 areas.
4. Regression analysis
Regression analysis was used to assess aviation noise impact and
other impacts as well as their relationships to property value changes.
Data used for the analysis were obtained from the survey study of
neighborhoods located near Suvarnabhumi Airport. In the analysis, the
study modeled the percentage change in property values around
Suvarnabhumi Airport as a dependent variable (Y) that may be tenta-
tively expressed as a function of a number of aviation factors that
might affect Y, including noise, trafﬁc, air pollution, safety and visual im-
pacts. These factors are treated as independent variables and denoted
by X1, X2, X3, X4, and X5, respectively.
The regression equation can be expressed as follows:
Y ¼ F X1;X2;X3;X4;X5ð Þ þ ξt ð1Þ
- Dependent variable Y = the percent change in property value
changes6
- Independent variable X1 = noise impact6 The percent change in property value changes collected from interviewed person
survey.
Table 1
Bio-data of sample group.
Category
Sex Male 49%
Female 51%
Age group 20–29 31%
30–39 30%
40–49 28%
50+ 11%
Type of activities Resident 74%
Work/employee 13%
Business owner 13%
Time staying in Suvarnabhumi Airport area N1 yr 26%
1–3 yr 16%
N3 yr 58%
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- Independent variable X3 = air pollution impact
- Independent variable X4 = safety impact
- Independent variable X5 = visual impact
- the regression residual = ξt
The results from the regression analysis can be used in determining
whether there is a signiﬁcant linear relationship between 2 variables.
The hypothesis is a statement about the value of a population parameter
developed for the purpose of testing a theory or belief [19]. The relation-
ship between an independent variable, X, and the dependent variable, Y,
can be expressed as a coefﬁcient, beta, or the slope. T-tests are also used
to determine that the relationship differs signiﬁcantly from zero. The
values of the coefﬁcients, or beta values, resulting from the regressions
to be performed would represent the change in property value per unit
change in their corresponding independent variables. The study also
checked for the existence of multicollinearity7 and heteroscedasticity8
using White's heteroscedasticity test.9 Survey study10 and regression
analysis were applied to explore the relationship between aviation fac-
tors and property value changes. Based on many arguments in the liter-
ature related to the impacts on residential property due to airports, this
research is expected to ﬁnd a negative relationship between property
value change and aircraft noise.
Furthermore, cross-country comparisonwas applied to compare the
effectiveness of environmental policies and measures of selected coun-
tries including the United States, the United Kingdom, Japan, China and
Hong Kong, where international airports meet international standards
(Appendix A). Combining regression analysis and cross-country analy-
sis, tentative factors (aviation impacts) inﬂuencing property value
changes were selected based on the criteria of common use in both
worldwide compensation package design and the Thailand case.
Through literature review, potential factors to be used for formulating
the appropriate compensation model and providing the recommenda-
tions to improve Thailand aviation policies were determined.
5. Results
The overall results mainly focus on the regression analysis outcomes
of three compensation models for neighborhood areas, residents, and
businesses.
5.1. Survey results
According to survey results, the number of buildings in the 30–40
NEF zones is around 15,000 buildings, which represent the majority of
affected buildings (96% of total affected building). This study surveyed
300 samples covering the entire population who live, work, or do busi-
ness in the areas of 30–35 NEF (120 samples) and 35–40 NEF (180 sam-
ples) by using random sampling. The bio-data of the sample groups are
illustrated in Table 1.
The survey results show that the most crucial aviation impact is
noise, which has the highest impact from all areas, with 22% of re-
sponses. As can be seen from the bar chart, 21% and 22% of people
who live in NEF 30–35 and NEF 35–40 areas agreed that the noise im-
pact is the most severe of the factors. Trafﬁc and property value impact7 Multicollinearity refers to the existence of a relationship between the independent
variables in a multiple regression. Ideally, in a multiple regression model, different inde-
pendent variables should be uncorrelated.
8 Heteroscedasticity refers to non-constant variance of residuals. The effect of
heteroscedasticity is that the t-tests and F-tests for the coefﬁcients are not valid.
9 White's heteroscedasticity test= a statistical test to determine the presence of homo-
geneity of variance of residuals in a regression model.
10 Public surveys (questionnaires) for 2 sample groups of 300 total samples: (a) affected
people in NEF 30–35 area with 120 samples and (b) affected people in NEF 35–40 area
with 180 samples.are also a high priority to the residents around the airport,with both fac-
tors receiving 17% of responses. These impacts (noise, trafﬁc and prop-
erty value) aggregated to more than half the total impact to the
population. Noise impact, as well as trafﬁc impact, from the airport
ranges from medium to very high. In particular, noise impact in NEF
30–35 and NEF 35–40 areas ranges from medium to high and medium
to very high, respectively; while other impacts varied from low to
very high. The levels of aviation impacts from the surveys are illustrated
in Fig. 1.
Based on the survey results of level of impacts, from having
Suvarnabhumi Airport, the negative impacts that affected respondents
due to each factor were ranked with noise being reported to have the
most negative impact, followed by trafﬁc and property value loss, and
air pollution, respectively. Regarding theNEF 30–35 dB area, themagni-
tude of impact ranges from medium to high for noise and trafﬁc, medi-
um to very high for property value loss, and low to high for air pollution.
For the NEF 35–40 dB area, the magnitude of impact ranges frommedi-
um to very high for noise, trafﬁc and pollution and from low to very high
for property value loss.
As for the awareness of government policies and measures on vari-
ous perspectives (including rules/regulations, tax scheme, compensa-
tion and public relations), it was found that people in the area had a
low awareness and recognition of the tax scheme, compensation, and
rules/regulations, while policies related to public relations generated
more awareness among the survey respondents. The majority of the
population agreed that the policies related to rules and regulations are
moderately effective while economic instruments have someFig. 1. Level of aviation impacts to respondents after Suvarnabhumi Airport operational
phase. X axis implies impact factors affected to respondents after Suvarnabhumi
operational phase. Y axis implies level of each impact factor affected to respondents
after Suvarnabhumi operational phase. Source: Analyzed from survey results after
Suvarnabhumi Airport operational phase, 2009.
Table 2
Percent change of property price around Suvarnabhumi Airport by different noise zones.
Source: Data were collected by the study from three sources including the Land
Department, surveys, and property advertisements.
Village/location Zones Property value
(THB/square wah)
% changes
2004–2007
(before)
2012–2015
(after)
Pracha Ruam Chai
Community
NEF N 40 10,000 6771 −32%
Manasiri Village NEF 35–40 17,000 11,111 −35%
Soi Ladkrabang 44 NEF 35–40 13,000 13,125 1%
Soi Ladkrabang 46 NEF 35–40 15,000 15,000 0%
Soi Dee Dee NEF 35–40 13,000 10,417 −20%
Weruwan Wattana
Community
NEF 35–40 6800 4000 −41%
Kehanakorn Village NEF 30–35 12,000 5000 −58%
Happy Place Village NEF 30–35 10,000 10,000 0%
Note: For survey values which include housing, housing prices were deducted from total
prices to get only property prices. In some cases, furniture prices were also excluded.
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have low to moderate effectiveness levels.
5.2. Regression variables analysis
5.2.1. Property value changes
There are some impartialmeasures that show similar trends in prop-
erty values to survey results after the construction of SuvarnabhumiAir-
port. This analysis attempts to compare property prices around the
airport area for each noise level area (30–35 NEF, 35–40 NEF, and N40
NEF) both before and after the airport's development. Before the con-
struction of Suvarnabhumi Airport, prices of land near the airport
had risen by around 47% since 1998, compared to 29.7% for other
plots in Bangkok. During the construction, land prices around the air-
port rose 6% during the period due to improving facilities and the
government's planned transport links (compared to average 4% in-
crease in Greater Bangkok during 2005–06). However, in 2009 over-
all land prices around the airport area decreased 6–15% compared to
16% increase for the Bangkok area. The ﬁndings were obtained from
both ofﬁcial assessment values announced by the Treasury Depart-
ment and survey values.
The effort focused on comparing the neighborhoods which have
both “Before” and “After11” property prices, based on the three noise
level areas and found the change in property prices to be as shown in
Table 2.
Table 3 shows downward trends on property values, comparing the
before and after periods in most of the areas. The survey results in
Table 3 also show a similar trend to the descriptive data. Most respon-
dents perceive that aviation impacts led to property value loss.
In addition, one study of Suvarnabhumi Airport indicated that prices
of new properties sold after 2006 are 19.15% lower in themost severely
affected area and 8.55% lower in moderately affected areas [5].
Moreover, there is some evidence that shows a similar trend to that
from the survey results. The Federal Aviation Administration [24] indi-
cated that there was a negative impact on residential property market
values based on regression of data from three airports Baltimore/
Washington International Airport (BWI), Los Angeles International
Airport (LAX), and John F. KennedyAirport inNewYork. A recent survey
of residential real estate agents in England indicated that the airport
ﬂight path adversely affected house values 15% ([14]).
5.2.2. Noise levels
After the ofﬁcial opening of the airport, there were approximately
700 ﬂights per day. Not surprisingly, this led to an aircraft noise prob-
lem. The residents who lived around the airport complained to the gov-
ernment andmedia that theywere affected by noise pollution. This was
especially true with the villages located to the north and south of the
airport, such as Romsook Villa,Wat Ladgrabang Community, Green Val-
ley Village and Wat Bang Chalong Community.
During the period of 4–10 October 2006, the Pollution Control De-
partment of Thailand and the Department of Environmental Quality
Promotion examined noise levels in the areas around the airport and
found that, after the ofﬁcial opening of the airport, the average noiseﬁg-
ures rose about 3.9 to 13.3 dB as shown in Table 4.
According to Table 5, respondents perceive the level of noise impact
on them to be high and very high, at approximately 72%. This can imply
that after the ofﬁcial opening of the airport, noise pollution is the crucial
impact to people nearby the airport area. Although perception data by
itself cannot be represented, the average noise ﬁgures in Table 4 rose
similarly as respondents perceived in Table 5.
Additional support of this trend can be found in research on ‘An Es-
timate of theGlobal Impact of Commercial AviationNoise’, based on 18111 Property prices used during 2012–2015 were surveyed and calculated in 2007–2009.airports around the world (these airports are located in 38 countries
plus Taiwan, with 95 of the airports located in the United States by
[25]). The APMT Noise Module by the FAA's Model for Assessing
Global Exposure to the Noise of Transport Aircraft (MAGENTA) is
used to examine the trend. Population data were collected in the
years 2000 and 2001, depending on the country, whereas house
prices and rents are 2006 estimates, and noise levels are for the
year 2005. This particular study concluded that the noise resulted
in a total of $21 billion of housing value depreciation (which is equiv-
alent to about $1.1 billion per year using a 30-year life of the house
and a 3% discount rate) and an additional $800 million of lost rent
each year.5.2.3. Air pollution levels
The monitoring of air pollution levels around the airport is carried
out by 2 air monitoring stations nearby Suvarnabhumi: Keha
Chumchom Bangplee Sumutprakan Area and Thai Meteorological De-
partment Area. However there were some limitations of air pollution
data as air pollution monitoring stations were not exactly the same as
the study area. This might have led to the inclusive results after the of-
ﬁcial opening of the airport in the year 2006. There were no explicit
trends of increase in air pollution after 2006. In addition, during the con-
struction period some air pollution such as dustmight have increased as
shown in Table 6.
The survey result on level of air pollution impacts in Table 7 indicates
that level of air pollution impacts was perceived by 36% of respondents
to high to very high. This result is quite inconclusive compared to data
from air pollution stations.
Moreover, an empirical study of health impact assessment of aircraft
noise exposure found that residents nearby Don Mueang and
Suvarnabhumi Airport were exposed to aircraft noise at a level that
could negatively impact aspects of health, such as quality of life, general
health problems and memory ability [26]. The Suvarnabhumi Airport
EIA report shows the environmental impacts related to transportation,
public health and safety. During the construction phase the report indi-
cated impacts of degraded road, accidents, noise, increased trafﬁc and
unsafe conditions in worker camps. During the operation phase the re-
port indicated impacts of trafﬁc congestion and air pollution which can
impact public health. Similarly to the EIA report ofWashington National
Airport, the study concluded that noise is a serious problem for some in-
dividuals, affecting behavior and perhaps even health. However, other
impacts, such as air pollution and safety, were also listed as signiﬁcant
concerns for the national airport. Therefore these factors might impact
expectations of property values for residential areas.
Table 3
Summary of survey results of respondents' perceptions on magnitude of impact on property value changes.
Survey results
No. of respondents perceive about magnitude on property value change from aviation impacts
Property value change −25% −20% −15% −10% −5% 0% 5% 10% 15% Total
Resident (no. of respondents) 35 67 73 38 9 1 0 0 0 223
Work (no. of respondents) 0 2 9 13 7 4 1 1 0 37
Business (no. of respondents) 0 1 10 13 8 3 2 2 1 40
Total (no. of respondents) 35 70 92 64 24 8 3 3 1 300
Percentage to total observations 12% 23% 31% 21% 8% 3% 1% 1% 0% 100%
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Due to the limitations of descriptive data on trafﬁc, safety and visual
nearby the Suvarnabhumi Airport area, this study applied the survey re-
sults as explanatory variables which are shown in Table 8.
According to the survey results in Table 8, 45%, 36%, and 31% of re-
spondents perceive that levels of trafﬁc, safety and visual impacts, re-
spectively, to them are high to very high. It can be seen that less than
half of respondents perceive these 3 factors as crucial impacts.
5.3. Relationship between aviation impact and property value changes
The level of aviation impact may be different depending on the seg-
ments of the sample because their expectation and sensitivity to noise,
activities and beneﬁcial impacts of the airport on property are different.
Therefore, affected people in this study were divided into residential
and commercial populations due to the fact that normal daily activities
of these groups are impacted by airport operations in very different
ways. Residents who experience more exposure to negative impacts
from airport, particularly during leisure and night time, will have a neg-
ative perception from living in affected areas. Commercial users, on the
other hand, may receive some advantage with respect to a healthier
economic situation driven by airport activities. Hence, the regression
models began by examining overall neighborhoods then focusing on
residents and businesses respectively.
Three regression models, including models for overall neighbor-
hoods, residents and businesses, were done. In each category, we ﬁrst
tested the state hypothesis to prove whether variable Y and X are de-
pendent. The null hypothesis “Beta = 0” is the hypothesis that would
be rejected for a variable X if Y and X are independent. The alternative
hypothesis “Beta ≠ 0”, if accepted, would then show that variable Y
and X are dependent. As the signiﬁcance level for this study is 5%, the
null hypothesis will be rejected if the P-value of a variable X is less
than 5%. Thus that variable X would have a signiﬁcant effect on variable
Y (percent change in property value).
5.3.1. Compensation Model I — overall neighborhood
For overall neighborhood regression analysis, two independent var-
iables (noise and air pollution) have statistically signiﬁcantTable 4
Comparison of noise level between before and after opening of Suvarnabhumi Airport.
Source: Royal Thai Government (www.thaigov.go.th/pageconﬁg/viewcontent/
viewcontent1. asp?pageid=451&directory=1782&contents=774&searchtxt=).
Location Average noise level (decibel A)
Before After Increase of noise level
Nakarin Garden Village 52.0 65.3 13.3
Romsook Village 60.2 70.0 9.8
Town Houses on On-Nuch Road 68.7 73.2 4.5
Thana Place 46.3 55.8 9.5
Krirk Institution 63.6 67.5 3.9
Wat Bang Cha Long Nai 56.2 67.5 11.3relationships with the dependent variable. The remaining three inde-
pendent variables are not statistically signiﬁcant as deﬁned by this
study [2].
According to Table 9, the only two variables from the overall regres-
sion analysis that show signiﬁcant effect on the percent change in prop-
erty value are noise and air pollution impacts. The equation based on
this conclusion is as follows:
Y ¼ −0:040ð ÞX1 þ 0ð ÞX2 þ −0:014ð ÞX3 þ 0ð ÞX4 þ 0ð ÞX5 þ 0:041 ð2Þ
where the constant .041 is the residual value for this regression.
Based on the regression results, only two variables, X1 and X3, show
P-values less than 0.05 which means that only two of the ﬁve variables
examined have a signiﬁcant effect on the percent change in property
value. The beta coefﬁcients of X1 and X3 are−0.04 and−0.014, respec-
tively, which means that for each unit increase in the noise impact the
property value decreases by approximately 4% and for each unit in-
crease in the air pollution impact the property value decreases by ap-
proximately 1.40%, while keeping other factors constant in each case.
The residual value of 0.041 implies that in the absence of noise and air
pollution impact (X1, X3 = 0) the property value would still increase
by approximately 4.1%.
In terms of economic signiﬁcance, it can be observed that the noise
impact variable, X1, (absolute standardized coefﬁcient = 0.538) has
more impact on property price than the air pollution impact variable,
X3 (absolute standardized coefﬁcient = 0.293). In order to detect
multicollinearity, the study seeks independent variables which are in-
signiﬁcant at 5% level. However, it can be observed that the VIFs for
the three insigniﬁcant independent variables (trafﬁc, safety and visual
impact) are not more than ﬁve which implies that multicollinearity is
not a problem in this case.
White's heteroscedasticity test is also used to check the assumption
of equal variance (homoscedasticity) as follows:
H0: homoscedasticity
H1: heteroscedasticity
The null hypothesis determines that the variances of the data are
equal and the data is homoscedastic. The alternative hypothesis is that
the variances are not equal, or the data is heteroscedastic.
The study also found that the null hypothesis of homoscedasticity of
errors is not rejected because the value of N ∗ R2 (300 ∗ 0.013 = 3.9),
which follows a chi-square distribution, is less than the critical value
of 18.31 at 5% signiﬁcance level (Table 10). Therefore, there is no
heteroscedasticity or non-constant variance of residuals.
5.3.2. Compensation Model II — residents
In the regression analysis for residents, the study found that two
independent variables i.e. noise and air pollution have statistically sig-
niﬁcant relationships with the percent change in property value, having
P-values is less than 0.05 just as in the overall neighborhoods regression
analysis. The remaining three independent variables are not statistically
signiﬁcant at the 5% level. The model ﬁt according to Table 11 is quite
Table 5
Survey results on level of noise impacts.
Level of impact No effect Very low Low Medium High Very high Total
0 1 2 3 4 5
No. of respondents perceive about noise
impact on each level
Resident 0 1 5 50 84 83 223
Work 1 0 2 13 8 13 37
Business 1 2 2 9 18 8 40
Total 2 3 9 72 110 104 300
Percentage 1% 1% 3% 24% 36% 35% 100%
Table 6
Comparison of air pollution between before and after opening of Suvarnabhumi Airport.
Source: Pollution Control Department, Ministry of National Resources and Environment.
Year
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Keha Chumchon Bangplee area air qualities
Monthly average SO2/h (ppb) 2.6 2.1 2.7 3.3 3.0 3.6 3.2 2.4 3.6 1.5 2.1
Monthly average NO2/h (ppb) 11.4 12.3 13.9 15.7 14.8 12.6 11.7 12.8 14.1 13.1 17.9
Monthly average dust b 10 μm (PM10)/24 h (μg/m3) 104.1 103.6 122.7 130.1 85.4 60.2 58.1 48.0 43.1 44.6 60.2
Thai Meteorological Department Bangna area air qualities
Monthly average SO2/h (ppb) 4.7 4.5 5.5 5.8 6.6 6.4 5.7 4.8 4.8 4.4 2.3
Monthly average NO2/h (ppb) 20.0 15.4 17.5 14.3 16. 19.3 19.5 16.2 19.0 15.3 14.3
Monthly average CO/h (ppb) 0.9 0.9 0.8 0.8 0.7 0.5 0.5 0.5 0.7 0.8 0.5
Monthly average O3/h (ppb) 11.3 13.5 14.3 6.6 13.9 13.7 13.7 17.6 18.2 13.5 13.5
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quite similar to R2 which implies that there is not an excessive use of
variables.
The equation obtained by the analysis of residentmodel can be illus-
trated as follows:
Y ¼ −0:035ð ÞX1 þ 0ð ÞX2 þ −0:013ð ÞX3 þ 0ð ÞX4 þ 0ð ÞX5 þ−0:002 ð3Þ
where the constant−0.002 is the residual value for this regression.
The beta coefﬁcients of X1 and X3 are−0.035 and−0.013, respec-
tively, which means that, keeping all other factors constant, for each
unit increase in the noise impact the property value decreases by ap-
proximately 3.5% while for each one increase in the air pollution impact
the property value decreases by approximately 1.30%. Here the regres-
sion residual value of−0.002 would imply that in the absence of the
aforementioned impacts (X1 and X3= 0) the property value would de-
crease by approximately 0.2%.
In terms of economic signiﬁcance, from standardized beta coefﬁ-
cients it can be noticed that the noise impact variable, X1, (absolute
standardized coefﬁcient = 0.543) has more impact on property price
than the air pollution impact variable, X3 (absolute standardized
coefﬁcient = 0.368). In order to detect multicollinearity, independent
variables which are insigniﬁcant at 5% level are observed. However, it
identiﬁes that the VIFs for the three insigniﬁcant independent variables
(trafﬁc, safety and sceneric) are not more than ﬁve which implies thatTable 7
Survey results on level of air pollution impacts.
Level of Impact No effect Very lo
0 1
No. of respondents perceive about
air pollution on each level
Resident 19 19
Work 0 6
Business 4 6
Total 23 31
Percentage 8% 10%multicollinearity is not a problem.Moreover,White's heteroscedasticity
test was also used to check the assumption of equal variance (homosce-
dasticity). It also found that the null hypothesis of homoscedasticity of
errors is not rejected because the value of N ∗ R2 (300 ∗ 0.018 = 5.4)
which follows a chi-square distribution is less than the critical value of
18.31 at 5% signiﬁcance level. Therefore, there is no heteroscedasticity
or non-constant variance of residuals.
5.3.3. Compensation Model III — businesses
Similarly, the regression analysis for businesses indicated that the
same two independent variables, noise and air pollution, have statisti-
cally signiﬁcant relationships with percent change in property value,
both with P-values under 0.05. The remaining three independent vari-
ables are not statistically signiﬁcant at the 5% level. Themodel presented
adjusted R2 of 39.6%.
According to Table 12, it illustrated that two variables including
value are noise and air pollution impacts according to regression analy-
sis results for residents that have a signiﬁcant effect on the percent
change in property value. Hence, the equation is rewritten based on
this conclusion as follows:
Y ¼ −0:033ð ÞX1 þ 0ð ÞX2 þ −0:014ð ÞX3 þ 0ð ÞX4 þ 0ð ÞX5 þ 0:076 ð4Þ
where the constant .076 is the residual value for this regression.w Low Medium High Very high Total
2 3 4 5
48 51 47 39 223
5 13 3 10 37
12 7 8 3 40
65 71 58 52 300
22% 24% 19% 17% 100%
Table 8
Survey results on level of trafﬁc, safety and visual impacts.
Level of impact No effect Very low Low Medium High Very high Total
0 1 2 3 4 5
No. of respondents perceive about trafﬁc impact on each level Resident 9 18 38 54 66 38 223
Work 3 7 7 6 12 2 37
Business 4 1 7 13 8 7 40
Total 16 26 52 73 86 47 300
Percentage 5% 9% 17% 24% 29% 16% 100%
No. of respondents perceive about Safety impact on each level Resident 29 25 44 49 47 29 223
Work 3 3 5 13 10 3 37
Business 3 4 2 11 10 10 40
Total 35 32 51 73 67 42 300
Percentage 12% 11% 17% 24% 22% 14% 100%
No. of respondents perceive about visual impact on each level Resident 34 30 39 53 37 30 223
Work 6 5 5 9 10 2 37
Business 5 5 3 13 10 4 40
Total 45 40 47 75 57 36 300
Percentage 15% 13% 16% 25% 19% 12% 100%
Table 9
Overall neighborhoods regression analysis— Coefﬁcient summary⁎.
Model Unstandardized coefﬁcients Standardized coefﬁcients t Sig. Collinearity statistics
B Std. error Beta Tolerance VIF
1 (Constant) 0.041 0.017 2.358 0.019
Noise impact −0.040 0.003 −0.538 −11.904 0.000 0.985 1.015
Trafﬁc impact 1.06E−005 0.002 0.000 0.005 0.996 0.977 1.024
Air pollution −0.014 0.002 −0.293 −6.501 0.000 0.988 1.012
Safety 0.004 0.002 0.083 1.840 0.067 0.992 1.009
Visual impact 0.001 0.002 0.031 0.696 0.493 0.977 1.024
Adjusted R2 0.398
F-test 40.539 0.000
⁎ Dependent variable: Property value changes.
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spectively, which means that, with all other factors held constant, for
each unit increase in the noise impact the property value decreases by
approximately 3.3% while for unit one increase in the air pollution im-
pact the property value decreases by approximately 1.40%. This
regression's residual value of 0.076 indicates that if there were no im-
pact from noise and air pollution (X1 and X3 = 0) the property value
would increase by approximately 7.6%.
In terms of economic signiﬁcance (from standardized beta coefﬁ-
cients as shown in Table 6), it veriﬁed once again that the noise impact
variable (absolute standardized coefﬁcient = 0.517) has more impact
on property price than the air pollution impact variable (absolute stan-
dardized coefﬁcient = 0.275). Multicollinearity was not a problem for
the 3 insigniﬁcant variables. However, in this case, we found that the
null hypothesis of homoscedasticity of errors is rejected because the
value of N ∗ R2 (300 ∗ 0.232= 69.6), which follows a chi-square distri-
bution and is more than the critical value of 18.31 at 5% signiﬁcance
level. According to Cai and Hayes [6], the problem of heteroscedasticity
can be solved by employing a heteroscedasticity-consistent covariance
matrix (HCCM) estimator.Table 10
Overall regression analysis— White's heteroscedasticity test model summary.
Model R R2 Adjusted R2 Std. error of the estimate
1 0.114a 0.013 −0.021 0.00501
a Predictors: (Constant), Visual impact, Noisesq, Safetysq, Air pollution, Trafﬁcsq,
Visualsq, Safety, Airsq, Trafﬁc, Noise.5.3.4. Summary of regression analysis
The most common factors which affect property value are noise, air,
and trafﬁc pollution. From the abovementioned analysis, the results
show that all groups (overall neighborhood, residents, and businesses)
demonstrate similar results— that is, noise and air pollution are consid-
ered to be signiﬁcant factors to percentage change in property value, as
compared with trafﬁc, safety and scenery. The comparison of each
group is summarized in Table 13.6. Discussion
Although many previous studies of factors affecting property values
have focused only on the relationship between noise impact and chang-
es in property prices or residential values, this study provides additional
consideration of multiple factors and their impact on different types of
land use. One such example of a typical existing study is that of the
Toronto Airport case [8] in which the “Surrounding Airport Area” was
compared to “non-airport areas”.12 Furthermore, other studies sug-
gested that not only a Hedonic Model,13 a common technique used to
compare the changes in property prices [4,11,16], but also multiple-
regression can be applied. It is suggested from the results of this study
that the weight of each factor in compensation models might be12 Crowley [8] found statistically signiﬁcant differences in the changes of prices in sur-
roundings airport area when compared to non-airport areas including (1) North York
area; (2) Scarborough area; and (3) the aggregate of North York and Scarborough area.
13 The hedonic model was originally initiated by Griliches (1971). It reﬂects the price re-
lationship that speciﬁes the price of brand as function of quantities of variety of features or
characteristics.
Table 11
Regression analysis for residents — Coefﬁcient summary⁎.
Model Unstandardized coefﬁcients Standardized coefﬁcients t Sig. Collinearity statistics
B Std. error Beta Tolerance VIF
1 (Constant) −0.002 0.016 −0.093 0.926
Noise impact −0.035 0.003 −0.543 −10.563 0.000 0.991 1.009
Trafﬁc impact 0.002 0.002 0.059 1.130 0.260 0.970 1.031
Air pollution −0.013 0.002 −0.368 −7.174 0.000 0.995 1.005
Safety 0.002 0.002 0.045 0.867 0.387 0.989 1.011
Visual impact 0.001 0.002 0.042 0.817 0.415 0.975 1.025
Adjusted R2 0.419
F-test 32.975 0.000
⁎ Dependent variable: Property value changes.
Table 12
Regression analysis for businesses— Coefﬁcient summary⁎.
Model Unstandardized coefﬁcients Standardized coefﬁcients t Sig. Collinearity statistics
B Std. error Beta Tolerance VIF
1 (Constant) 0.076 0.031 2.454 0.017
Noise impact −0.033 0.006 −0.517 −5.504 0.000 0.902 1.108
Trafﬁc impact 0.003 0.005 0.057 0.619 0.538 0.946 1.057
Air pollution −0.014 0.005 −0.275 −2.935 0.004 0.905 1.105
Safety 0.000 0.005 −0.010 −0.105 0.917 0.961 1.041
Visual impact −0.002 0.004 −0.032 −0.356 0.723 0.965 1.037
Adjusted R2 0.396
F-test 10.954 0.000
⁎ Dependent variable: Property value changes.
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idential areas should have more weight in the model than in business
areas.15 The effects from airport pollutions (independent variables) to property values (de-6.1. Application of results
The current compensation packages of the Suvarnabhumi Interna-
tional Airport have been focused only on the mitigation of noise im-
pacts, not truly reﬂecting the overall impact on affected communities
based on the analysis of the study. This compensation package seems
to be based on the environmental justice theory. However, many policy
arguments about the compensation package issue are still ongoing in
Thailand. Mainly compensation packages were based on the noise con-
tour. According to the Cabinet's resolution onMay 29, 2007 and theAOT
Board's resolution on June 21, 2007, affected buildingswere divided into
two areas, NEF N 40 andNEF 30–40,whichwere compensated different-
ly. As of February, 2011, AOT had already compensated 411 houses
through either purchase or insulation in the NEF N 40 area, as well as
967 houses through insulation and provision of ﬁnancial support in
the NEF 30–40 area under the summer noise contour Fig. 2. The amount
of 1.036 billion baht (~USD 34 million14) has been paid to both areas
through which 93 houses were purchased, 1265 houses were insulated
and 20 houses were provided with ﬁnancial support. Moreover, 214
million baht has been paid to KMITL.
The following solutions should be taken into consideration by AOT
and related authorities in designing appropriate compensation pack-
ages. Theminimum compensation package should be based on true en-
vironmental justice. Therefore, compensation packages should include
all factors which have a signiﬁcant impact on affected people around
the airport. The main contribution of this research is to improve
Thailand's compensation model by indicating factors with signiﬁcant
impacts, using property value change as proxy to measure impacts on14 1 USD ~ 30.7 THB.airport. Further improvement of compensation policy should consider
the principle of reciprocal market exchange theory and the market
value of property loss should be taken into account for designing the
compensation rather than considering only impacting factors. The 3 re-
gression models developed in this study indicated the signiﬁcance of
noise and air pollution factors that substantially affect the percentage
change in property value. Meanwhile other impacts (e.g. trafﬁc, safety,
and scenery impacts) were shown to be statistically insigniﬁcant. This
phenomenon can be explained that as the airport is located in a subur-
ban area with low trafﬁc congestion, meaning trafﬁc impact is not a
major factor which affects property value changes. Also, as Thailand is
a developing country, it was expected that there would not be a strong
focus or value placed on safety or esthetics, which is consistent with the
survey results. At another airport in United States, WHMorse State Air-
port in Bennington County, noise and trafﬁc pollutions are major con-
cerns expressed at public meetings between the community and
Bennington County Regional Commission (BCRC) to discuss runway ex-
pansion. This implies that airport location is one factor which can create
different impacts on communities. The more trafﬁc congestion nearby
the airport location, the higher the level of impact it will have on com-
munities. Nevertheless, noise pollution impact is still the leading factor
affecting airport operation and expansion in several airports.
However, the effects from noise have higher impact on property
price than effects from air pollution.15 Separate studies for residents
and businesses show similar results of signiﬁcant negative impacts of
noise and air pollution on property values, while noise has higher im-
pact. Nevertheless, air pollution impacts on property values for resi-
dences were slightly higher than for businesses, while impact of noise
pollution on property values was almost the same for both residencespendent variable) can be measured by coefﬁcient of each independent variable since
range from 1 to 5 (from very low to very high impact) is set as a unit of impact to property
value in respondent viewpoints. Therefore, the higher absolute coefﬁcient of each pollu-
tion is, the higher impacts to property value are.
Table 13
Summary of regression analysis (overall neighborhood, residents, and businesses).
Regression analysis Overall neighborhood Residents Businesses
R2 0.408 0.432 0.435
Adjusted R2 0.398 0.419 0.396
Unstandardized coefﬁcients Noise impact −0.040⁎,⁎⁎,⁎⁎⁎ −0.035⁎,⁎⁎,⁎⁎⁎ −0.033⁎,⁎⁎,⁎⁎⁎
Trafﬁc impact 1.06E−005 0.002 0.003
Air pollution −0.014⁎,⁎⁎,⁎⁎⁎ −0.013⁎,⁎⁎,⁎⁎⁎ −0.014⁎,⁎⁎,⁎⁎⁎
Safety 0.004 0.002 −0.000
Visual impact 0.001 0.001 −0.002
Standardized coefﬁcientsa Noise impact −0.538⁎,⁎⁎,⁎⁎⁎ −0.543⁎,⁎⁎,⁎⁎⁎ −0.517⁎,⁎⁎,⁎⁎⁎
Trafﬁc impact 0.000 0.059 0.057
Air pollution −0.293⁎,⁎⁎,⁎⁎⁎ −0.368⁎,⁎⁎,⁎⁎⁎ −0.275⁎,⁎⁎,⁎⁎⁎
Safety 0.083 0.045 −0.010
Visual impact 0.031 0.042 −0.032
Number of observations 300 223 77
a Standardized beta coefﬁcients are used to determine which of the independent variables have more impact on the dependent variable.
⁎ Signiﬁcant at the 0.05 level or better (P b 0.05).
⁎⁎ Signiﬁcant at the 0.10 level or better (P b 0.10).
⁎⁎⁎ Signiﬁcant at the 0.01 level or better (P b 0.01).
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same as the results of 95% signiﬁcant level. Therefore, Thai compensa-
tion packages should have noise effects and air pollution effects as
main factors, with higher weight on the noise factor. Moreover, ﬁndings
related to respondents' opinions show how the impacts changeFig. 2. Noise Contour of Suaccording to land use. Affected people who reside around the airport
have more concern about noise impacts than those who work in these
locations due to the longer exposure to noise disturbance and especially
the impact on their normal daily activities, including sleep. There-
fore, aviation policies/management and compensation packagesvarnabhumi Airport.
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other conditions, such as the needs of each affected group. These
ﬁndings would beneﬁt aviation planners not only for the
Suvarnabhumi International Airport, but also for other airports in
Thailand and other cities. Other similar projects which have environ-
mental impacts, e.g. construction projects like highways, can also use
the results of this study by adjusting some factors and design criteria.
The investigation of adaption and effectiveness of aviation policies
and instruments to reduce noise impacts was found to vary by country.
Some countries have set up noise action plans to dealwith the noise im-
pacts, such as noise mapping and monitoring, and land use and zoning.
Moreover, from an economic viewpoint, the ﬁndings demonstrate com-
mon measures in most countries, such as compensation schemes and
landing and take-off fees. Concerning the social aspect, the effectiveness
of aircraft noise complaint management and technology improvements
with more quietly designed aircraft was found the most popular. The
detailed results of cross-country comparison obtained by mixed-tools
are summarized in Appendix A.
In the case of the Suvarnabhumi International Airport, its regula-
tion requirements incorporate ICAO and USFAA standards with the
aims of combating noise impacts. Consequently, the airport's noise
mitigation efforts, such as general and technology regulations as
well as social responsibility, have been implemented. Even econom-
ic measures were found to be similar among countries; however,
compensation schemes may greatly vary depending upon the cir-
cumstances in each country. In terms of compensation schemes con-
sidered as economic tools, Thailand is used as a representative
developing country to compare with developed countries. This
study found two main problems that should be taken into account:
1) Not enough funding to pay and 2) unfair treatment of noise-
impacted residents. Therefore, the studies of funding in developed
countries can be applied. For example, in France, compensation
schemes are partially funded by noise tax on departing aircraft. In
Chicago, the Federal Aviation Authority reimburses 80% of the
costs of the SSIP and in the UK, the ﬁnancial burden of compensation
schemes has been borne more fully by the airports [2].
Furthermore, resettlement plans would be one of the other concerns
that should be taken into account in compensation schemes during the
start of any project for policy makers. The study Resettlement action
plan on New Airport Construction by Department of Transportation
and Communication Bohol Provincial Government [9] introduces an in-
teresting issue for considering compensation schemes. The study indi-
cated methods of compensation determined as including Direct Cash
Payment (exemption for taxation), Barter/Exchange (exemption from
registration fee) and Expropriation process stipulated by RA8974. The
interesting issue is that the resolution set up clear standards of
compensation.6.2. Model limitations
Since models were established by selected NEF areas, the location
with +40NEF area is omitted. This choice is based on the reason that
the area is located at the inner zone of the airport area which is mainly
occupied by airport facilities and related airport businesses (e.g. ware-
houses). The second limitation is data of noise levels and property prices
were tracked in different neighborhoods; the analysis can only be done
depending upon available data. Furthermore, the study did not include
possible positive factors e.g., intrinsic values of being located near
the airport (the airport's presence could generate more business in
the area that might enhance economic growth affecting property
prices). Another limitation is the study assumed that other macro-
economics factors are used consistently for all the areas during the
study period, so the effects on property value changes are only
from the airport. Based on these reasons, the model might not fully
interpret the real situation. Despite, these weaknesses, the modeland its factors are powerful tools as useful guidance for aviation pol-
icy improvement.
7. Conclusions
In order to alleviate the controversy of compensation schemes,
the explicitmeasurementmodels of developed countrieswould be ben-
eﬁcial tools. Therefore, Thailand should design a proper scientiﬁc mea-
surement model to evaluate the appropriateness of compensation
schemes rather than consider only noise contour. The study tried
to improve compensation schemes by applied regression model as an
empirical tool, combined with a cross-country analysis in order to iden-
tify gaps. The main ﬁnding of this study is the discovery of the signiﬁ-
cant negative relationship between aviation noise and the property
value. Thehighlightof the studywaspostulated by assumptionson5po-
tential aviation impacts that might affect the changes of property value
based on the case of the Suvarnabhumi International Airport, including
aviation noise, trafﬁc, air pollution, safety and visual impact. These im-
pacts were hypothesized to have a relationship with the percentage of
change in value of 3 types of property (all neighborhoods, residents
and businesses) near the airport. Although the airport operation and
management system have complied with the regulations of ICAO and
USFAA standards and are similar to other airports in many countries ac-
cording to cross-country policy comparison, three regression models
similarly indicated that noise and air pollution are the leading factors
that affect the property value changes and should be primarily consid-
ered in the compensation policy of the airport.
8. Recommendations
The application of results can be applied to the Suvarnabhumi
International Airport as well as contribute to other airports. However,
to improve the compensation package, further studies should consider
additional aviation impacts or factors such as level of income, level of
education, age, length of stay, and location of the airport. Additional
compensation packages in terms of the market value of property loss
should also be added to the compensation schemes. More detailed
surveys on groups of residents with different characteristics around
the airport may affect their perception and may alter the factors and
their signiﬁcance on property value. The location of the airport may
also change the signiﬁcance of factors affecting property value. In ad-
dition, other factors which have positive effects on property value
should also be explored and added to the compensation package
model.
Because there are some limitations on this study in terms of data
collection and modeling assumptions, the model in this study can be
improved further to enhance the accuracy of the results, which would
give a better justiﬁcation for the compensation policy formulation.
The improvement in data management and data availability for both
dependent and independent variables would yield more precision.
The discussion of results can also be expanded to compare this study
to the analyses of negative impacts from other types of infrastructure
construction, both in terms of level of impacts and compensation
methods.
In terms of compensation policy, overall instrument options in de-
veloping countries still lack a good, reliable and functioning public
body which led to perceptions of unfairness in compensation schemes.
A signiﬁcant reason for this perception is the high concentration of gov-
ernment power. The power of local municipalities and courts is still rel-
atively limited. In addition, practices of developed countries can be
applied e.g., the design or restructuring of a broad set of institutions in-
cluding property rights, legal systems, accountability and management
of the public sector, and information systems. Therefore combining sci-
entiﬁc measurement factors with environmental policy of developing
countries can be expanded for further improvement of the compensa-
tion model.
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Summarize table of cross-country comparison16Countries General instrument Economic instrument Social instrument Technology instrument
Thailand - Noise metrics and Mapping
- Noise assessment and Monitoring
- Noise level restrictions and curfews
- Noise abatement at the receptors
- Compatibility of land use
- Landing and take-off fees based
on noise and emission level
- Compensation Scheme
- Noise impact mitigation
plan for complaint
- Meeting by the ofﬁces
at noise impact areas
- Airport design
- Quieter aircraft
United States - Noise Control and Compatibility planning
such as Airport proprietor options
- Reviewing program
- Noise Control and Compatibility planning
such as state/Local government options
(to prevent new non-compatible
development and to reduce existing
non-compatible uses)
- Landing fee based on the noise
level and standard single event
noise rating
- No direct compensation scheme
None - Airport design
- Quieter aircraft
United Kingdom - European Noise Policy
- Noise Mapping
- Noise Action Planning
- Noise abatement operational
procedures and restriction
- Compatibility of land use
- The Aerodrome
(noise restrictions)
such as economic
incentives based on
noise and emission level
- Noise mitigation and
compensation
- Consultation documents
None - Trafﬁc Management such
as suburb streets design
- Airport design
- Quieter aircraft
Japan - The noise standard compatibility
veriﬁcation system
- Noise Prevention Law
- Improved airport layout
- Compensation for relocation
- Landing charges for international
ﬂight
- Noise abatement tasks for
airport surrounding areas
- Airport design such as
noise reduction hanger
- Improved airport layout
- Quieter aircraft
Scotland - Environment Noise Directive
- Noise Action Plan
- Prioritization matrix to evaluate
strategic noise levels
- Low noise ﬂight procedures
- Ground running of aircraft engines limitation
- Noise mitigation schemes
- Compatibility land use
- Monitoring system
- Landing fee
- Noise limits breaching ﬁne
- Compensation schemes
- Airport community trust
- Relocation and assistance
schemes
- Free phone and ﬂight track
information system offering
- Local community opinion
survey
- Technology enhancement
China - Flight number and time adjustment
- The ﬂy quit program
- Land use optimization
- Noise monitoring system
- Compensation schemes - Relocation of sensitive
receptors
- Selection of low noise aircraft
- Sound insulation measures
Hong Kong - Restricting the airport operation hours
- Special ﬂight procedure
- Restricting the running of engines
and auxiliary power units (APUs)
on ground
- Certiﬁcation of aero plane
- Land-use guidelines
- Aircraft Noise Monitoring
None - Aircraft Noise Complaint - Noise lessening installationsSource: Information summarized fromdetails of each country' policy.References
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